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Ten fungal isolates were cultured from 40 samples 
of powdered cocoa by plating on Potato Dextrose 
Agar and incubation at 25oC for 7 days. They were 
subjected to macro- and micro-morphological 
examination to determine their genus and species. 
Some of the identified fungal species have been 
reported to produce industrially important enzymes, 
which they utilize to degrade a wide variety of 
substrates, while others have been reported to 
produce mycotoxins and also incite diseases in 
humans and animals. For the fungi identified, those 
that had the potential to produce mycotoxins were 
then analyzed using thin layer chromatography as 
well as ultra-pure liquid chromatography. Finally, 
we performed molecular analyses for our fungal 
isolates, to confirm or refute their morphological 
identifications, by amplifying and sequencing a 
portion of their respective ITS regions. Our findings 
supported most of the morphological identifications, 
but there were some observed inconsistencies based 
on mycotoxin and molecular examinations. Our 
findings underscore the importance of a multi-
faceted approach to fungal identification. The 
following six genera or species were distinctly 
identified from the isolates: Aspergillus flavus,         
A. niger, A. tamarii, A. violaceofuscus, Neocosmo-
spora ramosa and Syncephalastrum racemosum. 
The availability of these fungal isolates will serv as 
a reference point for researchers in southwestern 
Nigeria, thereby improving the quality and integrity 
of cocoa research in this region. 
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Although native to Central and South 
America, cocoa is now one of the major cash crops 
produced in Nigeria. It is used as a raw material for 
products such as cocoa powder, coffee, cocoa 
beverages and chocolates [1]. In the 1960s, cocoa 
was a major agricultural export crop and a critical 
foreign-exchange earner for Africa.  Prior to the 
discovery of crude oil in commercial quantities in 
the 1970s, Nigeria was the world’s second largest 
producer of cocoa. However, the average cocoa 
production fell from about 420,000 tons in the 
1960s to 170,000 tons prior to the democratic 
dispensation of 1999. In the last several years, 
production levels have been maintained at or near 
192,000 tons (2015 and 2016), making Nigeria the 
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sixth largest producer [2]. Because of its export 
value [3], it is essential that cocoa is produced an
stored in the best condition to make contaminants, 
like fungi and bacteria, unattractive to the pods and
seeds.  
The major contaminants of cocoa are 
filamentous fungi, which infect cocoa beans and 
their seeds [4, 5]. Some of these cocoa-infecting 
fungi have been reported to produce mycotoxins [6, 
7], which can pose a multitude of health risks to 
humans and animals when consumed. Previous 
mycological studies on fungal characterization from 
cocoa in Nigeria have adopted cultural methods 
alone [5, 8-11], which can result in fungal misiden-
tifications. Information about the identification of
fungi from cocoa using a combination of cultural 
and molecular methods is sparse in Nigeria. In 
Nigeria, cultivation of cocoa is regaining popularity, 
after many years of neglect, as reports surface that 
claim a global shortage of cocoa is possible, which 
is marketed raw or processed for local consumption 
and export. In order to safeguard the health of 
consumers, proper identification, leading to pres-
cription of interventions against fungal contami-
nants, is necessary. The aims of this study are 
therefore, to characterize fungi of human impor-
tance from powdered cocoa using a combination of 
cultural and molecular methods, and to create a 
mini-culture selection center for filamentous fungi 
in Nigeria for future scientific references. This will 
confer integrity and credibility on mycological 
research. 
 
2. MATERIALS AND METHODS 
 
2.1. Fungal characterizations from powdered 
cocoa 
 
Fungi were isolated from 40 powdered cocoa 
samples. The samples were cultured on Potato 
Dextrose Agar (PDA) and incubated at 25oC for 7 
days. After sub-culturing, pure fungal samples were 
sent to the Southern Regional Research Center 
(United States Department of Agriculture) in New 
Orleans for identification and analysis as earlier 
reported [7]. 
 The powdered cocoa samples were also tested 
for the presence of several mycotoxins using Ultra-
High Performance Liquid Chromatography (UPLC). 
Ground cocoa (1 g) was extracted with methanol        
(2 ml) for 24 h at room temperature. The extract  
was filtered, and the filtrate was then concentrated 
under nitrogen gas to dryness. Each extract was         
re-dissolved in methanol (to 5 mg/ml) and filtered 
through a Spin-X 0.22µm centrifuge spin tube filter 
(Corning® Costar®, Corning, New York). Stan-
dards for aflatoxins (B1, B2, G1, G2), cyclopiazonic 
acid (CPA), sterigmatocystin (ST), citrinin, deoxy-
nivalenol (DON), and ochratoxin A (OTA) were 
used to develop methods for mycotoxin identifica-
tion. The presence of aflatoxin B1 (rt = 4.37 min.), 
B2 (3.39 min.), G1 (2.78 min.), G2 (2.21 min.) and 
OTA (8.33 min.) were determined using a Waters 
Acquity UPLC system (Waters Corp., Milford, 
Massachusetts). Analysis involved subjecting each 
sample to 40% MeOH in water for 3 min., a 
gradient to 100% MeOH over 5 min., then 100% 
MeOH for 4 min. before re-equilibration to 40% 
MeOH in water for 5 min. on a BEH C18 1.7µm, 
2.1 x 50 mm column. Aflatoxins and OTA were 
detected by fluorescence (ex = 365 nm, em = 440 
nm and ex = 330 nm, em = 460 nm, respectively). 
The remaining mycotoxins investigated(CPA rt = 
4.96 min., ST rt = 4.40 min., citrinin rt = 1.90 min., 
DON rt = 0.55 min.) were analyzed on the same 
system using 40% acetonitrile (0.1% formic acid) in 
water (0.1% formic acid) for 2.5 min., a gradient to 
100% acetonitrile (0.1% formic acid) over 2 min., 
then acetonitrile (0.1% formic acid) for 6 min. 
before re-equilibration to 40% acetonitrile (0.1% 
formic acid) in water (0.1% formic acid) for 5 min., 
with photodiode array detection. 
 
2.2. Characterization of sampled fungi  
 
Morphological examinations of isolated fungi 
were performed as previously reported [7]. These 
required the use of an Olympus BH-2 microscope 
and dichotomous keys, and microscopic characters 
were photographed using a Nikon Digital Sight DS-
Fi2 camera. Thin-layer chromatography (TLC) for 
aflatoxin and CPA detection, involving any puta-
tively identified Aspergillus isolates, was also per-
formed as previously reported from fungal cultures 
[7], molecular examinations involved amplification 
and sequencing of the internal transcribed spacer 
(ITS) region similar to Fapohunda et al.[7]. Some 
of the fungal isolates did not amplify with the 
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original ITS1 and ITS2 primers used previously, so 
new ITS primers were acquired that would amplify 
a larger portion of the ITS region (~600 bp). This 
new primer pair included a modified ITS1 forward 
primer (CTTGGTCATTTAGAGGAAGTA) and an 
ITS4 (TCCTCCGCTTATTGATATGC) primer as 
the reverse. 
 
3. RESULTS AND DISCUSSION 
 
We morphologically identified the sampled 
fungal species to be Aspergillus tamarii (SF 51, SF 
54, SF 57) (Fig. 1); A. niger (SF50, SF 58) (Fig. 2); 
Aspergillus flavus (SF53, 55) (Fig. 3); A. japonicus 
(SF52) (Fig. 4); Fusarium chlamydosporum (SF56) 
(Fig. 5) and Syncephalastrum racemosum (SF59) 
(Fig. 6). Based on recent reports, the species name 
of A. japonicus is no longer valid and is now         
known as A. violaceofuscus [12]. Although A. niger, 
A. oryzae and A. tamarii have never been reported 
to produce aflatoxin, the isolates representing these 
species were subjected to mycotoxin analysis along 
with the A. flavus isolate. We detected the presence 
of aflatoxin for our A. flavus isolate (SF53), but we 
also found the A. oryzae isolate (SF55) produced a 
high concentration of aflatoxin B1. Therefore, we 
determined SF55 must have been misidentified and 
would require molecular examination to confirm or 
refute its morphological identification. None of the 
other isolates examined were found to produce 
aflatoxin. A. niger and A. violaceofuscus have the 
potential to produce ochratoxin A (OTA), but we 
were able to detect only a trace level of OTA for ou
A. violaceofuscus isolate (SF52). 
Our molecular examinations of each isolate’s 
ITS region confirmed the morphological identifi-
cations for most of the species sampled. BLAST 
query of the A. oryzae isolate’s ITS region indicated 
higher homology with A. flavus sequences. This 
made more sense because of the production of 
aflatoxin B1 for SF55, which is believed to be 
impossible for A. oryzae. A. oryzae is considered a 
domesticated form of A. flavus, so morphologically 
they appear very similar. It took metabolic and 
molecular examinations to help us re-classify SF55 
as A. flavus. Only a genome-wide analysis of SF55 
would allow us to be certain of our re-classification. 
The only other conflicting species identification 
observed was for the F. chlamydosporum (SF56) 
isolate. Its ITS BLAST results indicated highest 





Figure 1. Aspergillus tamarii (SF51, SF54, SF57). 
 
 




Figure 3. Aspergilllus flavus (SF53, SF55). 
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Figure 4. Aspergillus violaceofuscus (SF52). 
 
 
Figure 5. Neocosmospora ramosa (SF56). 
 
 
Figure 6. Syncephalastrum racemosum (SF59).   
 
 
 This genus is considered Fusarium-like and 
similar to the teleomorphic genus Haematonectria 
[13]. Through recent phylogenetic inferences, it was 
determined that a 19th century genus name, Neocos-
mospora, was congeneric with the more recent 
genus name of Haematonectria [14-16], therefore, 
Neocosmospora has been reinstated as a sexual 
genus. Due to a lack of reports, it is uncertain 
whether or not N. ramosa poses serious health risks 
through pathogenicity or mycotoxicity. GenBank 
accessions for the ITS sequences of our 10 fungal 




Table 1. Molecular (ITS) identifications with accession numbers. 
Strain Molecular identification (ITS) GenBank acces ion 
SF50 Aspergillus niger MG976495 
SF51 Aspergillus tamarii MG976496 
SF52 Aspergillus violaceofuscus MG682503 
SF53 Aspergilllus flavus MG976497 
SF54 Aspergillus tamarii MG976498 
SF55 Aspergilllus flavus MG976499 
SF56 Neocosmospora ramosa MG682504 
SF57 Aspergillus tamarii MG682505 
SF58 Aspergillus niger MG976500 
SF59 Syncephalastrum racemosum MG976501 
 
 
Economic importance  
 
 A. tamarii has been reported to produce 
enzymes such as xylanase [17, 18], tannase [19]  
and protease [20] that are useful in the bioenergy 
and food industries. 
 A. niger has been reported to produce 
beneficial compounds such as amylase enzyme [21-
23], as well as citric acid [24-26]. Some strains of  
A. niger have been reported to produce mycotoxins 
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such as fumonisin and ochratoxin [27]. It has also 
been reported to cause black mould disease in 
onions [28, 29]. 
 A. flavus is most known for its ability to 
produce aflatoxins [7, 30, 31], toxic metabolites 
which have been rated as class 1A carcinogen by the 
International Agency for Research of Cancer [32]. It 
also produces a protease enzyme that may be useful 
to industry [33]. 
 A. violaceofuscus (formerly A. japonicus 
according to Jurjevic et al. [12]) has been reported 
to produce fructo-oligosaccharides, which have the 
potential to improve food quality [34], as well as 
pectinase [35]. 
 Although this is a fairly new species with 
scarce information in literature, it is a close relation 
of N. vasinfecta which was associated with the wilt 
of cotton, watermelon and cowpea [36]. Another not 
too distant species, F. chlamydosporum, has been 
reportedly used for bioremediation of wastewater 
[37] and production of antimicrobial agents [38]. It 
also has potential to infect agricultural products 
such as wheat and cassava chips [39, 40]. 
 S. racemosum has been reported to cause 
various diseases in humans [41-43]. 
 
4. CONCLUSION  
 
There are many fungi of industrial, medical 
and agricultural importance in Nigeria, and yet a 
mycological culture collection center is still lacking. 
The present study will therefore serve as a com-
ponent of the proposed mycological map involving 
Nigerian crops apart from giving insight into a 
likely cause of cocoa-borne morbidities in humans. 
Fungal contaminants of cocoa seeds have resulted in 
spoilage and wastages for this crop that once served 
as a critical foreign exchange earner for Nigeria, 
particularly in the 1960s. Export values of 
agricultural commodities had decreased due to the 
detection of mycotoxins at levels beyond global and
EU standards. Sometimes reactions on food conta-
minants, from importing countries could include 
rapid alerts, rejects and trade bans. The availability 
of these identified fungal isolates will serve as a 
reference point for researchers in Nigeria, thereby 
improving the quality and integrity of food-related 
research in this region. Our study has also illustrated 
the importance of a holistic method of fungal 
identification that involves morphological, metabo-
lic and genetic examinations. Fungal misidenti-
fications may result in incorrect assessmants; and 
subsequently, ineffective interventions. The more 
accurate our identifications, the better our chances  
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